The detection, localization, and tracking of targets in urban canyons and inside enclosed structures using radio frequency sensors is pertinent to a variety of civil and military applications. The ultimate goal is to achieve situational awareness in a fast and reliable manner. One of the challenges to achieving that goal involves the growing demand on radar systems to deliver highresolution images and more accurate information. This demand in turn increases the number of data samples to be recorded, stored, and subsequently processed.
The detection, localization, and tracking of targets in urban canyons and inside enclosed structures using radio frequency sensors is pertinent to a variety of civil and military applications. The ultimate goal is to achieve situational awareness in a fast and reliable manner. One of the challenges to achieving that goal involves the growing demand on radar systems to deliver highresolution images and more accurate information. This demand in turn increases the number of data samples to be recorded, stored, and subsequently processed.
The emerging field of compressive sensing (CS), which enables reconstruction of a sparse signal from far fewer nonadaptive measurements, provides an alternative for data reduction in radar imaging without compromising image quality. For persistent surveillance in urban environments, these techniques offer efficient sensing operations that culminate in quick turnaround, and reliable, actionable intelligence. We have devised CS-based approaches that streamline data acquisition with fewer space-time samples. Our methods also provide high-resolution imaging capability for both stationary and moving target detection and localization in challenging urban environments.
For moving target indication, we combine sparsity-driven radar imaging and change detection. 1, 2 We first apply change detection to subtract data frames acquired by imaging radar over successive probes of the scene. This step mitigates the heavy clutter caused by strong reflections from exterior and interior walls and also removes stationary objects present in the enclosed structure, rendering a densely populated scene sparse. We then apply a sparsity-driven image reconstruction scheme to recover the scene image. The change detection and sparsitydriven imaging together allow us to exploit compression in data collection and processing. We have evaluated the performance of this scheme using real data for a variety of possible human motions, ranging from translational motions, such as walking, to sudden short movements of the limbs, head, and torso. The result in every case is 'clean' enhanced images with successful localization of the moving targets and a significant reduction in data volume. Figure 1 provides change-detected images of a human making a slight head movement while sitting in a populated room. We obtained the top image using full data volume and a conventional image-formation algorithm, whereas for the bottom image
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we used only 5% of the data volume and a sparsity-driven scene reconstruction.
For imaging stationary targets behind walls, access to a background scene without the targets of interest present is generally not feasible. Consequently, means other than change detection for suppressing clutter caused by wall reflections must be found. Existing wall mitigation approaches assume access to full data volume, which contradicts the underlying premise of CS. We have combined wall clutter mitigation with CS using a reduced set of data measurements. 3 Specifically, we have shown that direct application of wall clutter mitigation techniques is effective, provided that the same reduced set of frequencies or time samples is used at each antenna position.
However, having the same frequency observations or time samples may not always be possible owing to spectrum occupancy by competing wireless services or intentional interference. For such cases, we apply CS individually at each antenna, using a reduced set of randomly selected frequencies, to reconstruct the corresponding range profile. The Fourier transform of the range profile for each antenna then provides the clutter mitigation methods with the scene response at the same set of frequencies for all antennas. Figure 2 shows images of a single target inside a room. We obtained the left image using the full data set and conventional image formation without wall clutter mitigation. For the right-hand image, we used 5% of the data volume together with combined wall mitigation and CS scene reconstruction. Instead of using wall clutter mitigation as a preprocessing step to image formation, we have also applied the idea of partial sparsity to through-the-wall imaging under reduced data volume. 4 Partially sparse reconstruction considers the case where it is known beforehand that the scene being imaged consists of a sparse part and a dense part. For through-the-wall imaging, the approach translates to scene reconstruction involving a few stationary targets of interest when the building layout is assumed known. This information (thickness, extent, and location of the walls) may be available either through building blueprints or from prior surveillance operations. In our case, we treated the
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dense part of the image corresponding to the exterior and interior walls as known. Figure 3 shows the results of partially sparse scene reconstruction using real data measurements. We obtained the top image by classical CS, which failed to detect the target due to the strong wall clutter. The bottom image shows the partial-sparsity-based reconstruction of the sparse part of the scene, which successfully localized the target.
In summary, increasing the availability of reliable situational awareness in real time in urban sensing applications is of primary importance. Massive amounts of data collected and processed by high-resolution imaging systems present numerous challenges towards achieving this objective. We have developed methods and algorithms that bring us a step closer to providing persistent real-time radar surveillance in urban environments. We are currently pursuing CS-based approaches for efficient urban sensing operations to determine building layouts and achieve enhanced target detection and localization through multipath exploitation.
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